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The 1t-electronic structure and spectra of monosubstituted pyridine derivatives containing
methoxy, rnethylthto, and dirnethylarrrino groups are calculated by the Molecules in Molecules
(MIM) and Pariser-Parr-Pople (PPP) methods. With the MIM method the two centre repulsion
integrals have been calculated by the point charge, charged sphere, and Ntshlmoto-Mataga
approximations. The values of one-centre repulsion integrals used are the same as those
employed earlier for the corresponding benzene derivatives. The resonance integrals have
been considered as variable parameters, and their optimum values compared with those of the
corresponding benzene derivatives. Comparative calculations have been performed by the PPP
method and the results (spectral data, charge densities and bond orders) discussed. In this case
the two-centre repulston integrals have been calculated by the Nishtrnoto-Mataga approxima-
tion only. The calculated spectral data seem to give a good correlation with the available
experimental data.
MANY authors have dealt with the calculationof the -e-electronic structure and spectraof methoxy-, and dimethylamin opyridines
by the Molecules in Molecules (MIM) and Pariser-
Parr-Pople (PPP) methods, taking different values
of the parametersv'". In this work the -e-electronic
spectra of methoxy-, methylthio- and dimethyl-
amin opyridi nes have been calculated by the MIM
method and the results have been compared with
those obtained using the PPP method. The start-
ing parameters used were taken from a previous
work! concerning the benzene derivatives con-
taining OH, SH and NH2 groups. However the
calculated spectral data were compared with the
experimental ones for methoxy-, methylthio- and
dimethylaminopyridines because in the case of
hydroxy-, thio-, and aminopyridines the tautomeric
equilibria changes the experimerital spectra.
The charge transfer energies were calculated by
the point charge", charged sphere", and Nishimoto-
Mataga? approximations within the MIM method.
MIM Calculation
The method was described by Longuet-Higgins
and Murrell''-". The starting wa vefunctions were
tak in as described earlier-". The geometry of the
pyridine ring was taken from Iiterature-". The
other experimental parameters used in the cal-
culations are given in Table 1.
The most adequate calculated atomic parameters
[effective nuclear charges (ZJl) as well as one centre
repulsion integrals (YJlJl)] were selected from our
earlier wor k! and these are also gi ven in Table 1.
'On leave from Department of Physical Chemistry,
Technical University, Budapest, Hungary.
TABLE 1 - EXPERIMEKTAL PARAMETERS AND
CALCULATED ATOMIC PARAMETERs(a)
[.L
rc; (A)
ICH,D(eV)
IHD(eV)
C(b) 0 S N
1·36 1·75 1-38
10·83 9·44 8·97
12·59 10·46 10·15
4·55 5·45 3·90
19·20 12·04 16·76
K(b)
3·25
11-13
3·90
12·34
(a) ?btained f~om references 12~19. rc« are bond lengths
and 1 s are the ionization potentials. (b) In pyridine ring.
No experimental data could be found for the
electron affinity of pyridine ring so it was calculated
according to the procedure given in our work":
A4=-O·817 eV, A5=-O'530 eV.
The resonance integrals (~I'v) were considered
first as variable parameters and their best values
were. compared with the values suggested in our
prevI.o~s v,·ork~. The agreement is good. The
tr~nsltlon energies calculated using the most appro-
priate ~JlV values+ are given in Table 2. It can
be seen that, using the ionization potentials of
CH3D compounds (where D stands for OH, SH
or NH.2 groups) the results are inadequate with
the point charge approximation. The results ob-
tained by the charged sphere approximation are
much better, and the greatest error in this case
occur~ for 3-dimethylaminopyridine: 12% of the
experimental value for the first band and 15%
fO.r t~e second one. The results calculated by the
Nishirnoto-Mataga approximation are the best in
consonance with our earlier experience. In this
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TABLE 2 - TRANSITIONENERGIES (TE) CALCULATEDBY THE MIM METHOD
TE with jexptl TE with IH'btl EexptlCH,D
(eV)
Point Sphere NM Point Sphere NM
-flco (eV): 2·0 2·0 2·5 2·5 2·5 3·0
2-Methoxy- 4·103 4·374 4·493 4·449 4·532 4·537 4·609
pyridine 5·111 5·342 5·708 5·654 5·791 5·873 5·848
3-Methoxy- 4·127 4·328 4·402 4·379 4·458 4·445 4-492
pyridine 5·183 5·363 5·619 5'636 5·727 5·774 5·713
4-Methoxy- 4·559 4·588 4·586 4·634 4·648 4·616 5·060
pyridine 4·980 5·367 5·779 5·674 5·850 5·953 5·687
-(Xs (eV): 2·0 2·0 2'5 2·5 2·5 3·0
2-Methylthio- 3·955 4·224 4·388 4·193 4·333 4·389 4·246
pyridine 4·927 5·095 5·515 5·283 5·440 5·646 5·019
3-Methylthio- 3·952 40158 4·275 4·106 4·228 4·262 4·217
pyridine 4·900 5·046 5·404 5·237 5·347 5·515 4·900
4-Methylthio- 4·333 4·384 4·460 4·415 4·446 4·459 4·714
pyridine 4·787 5·126 5·591 5·274 5·497 5·719 5·793
-flcN (eV): 1·5 1·5 2·5 2·5 2·5 3·0
2-(Dimethyl- 2·913 3·628 4·074 3·519 3·963 4·219 3·974
amino) pyridine 4·497 4·623 5·113 4·874 5·061 5·429 4·959
3-(Dimethyl- 3·163 3·747 3·960 3·566 3·899 4·077 4·246
amino)pyridine 4·361 4·530 5·015 4·818 4·990 5·301 5·344
4-(Dimethyl- 3·609 4·194 4·217 4·165 4·242 4·326 4·275
amino) pyridine 4·054 4·260 5·118 4·553 4·999 5·466 4·805
TABLE 3 - WAV'EFUNCTIONCONTRIBUTIONSCALCULATEDBY MIM METHODFOR VARIOUSSUBSTITUTEDPYRIDINES
E (eV) 'Yp 'YT~ 'YTh E (eV) 'Yp 'YT' 'FT' E (eV) '¥p 'YTb 'YTDD D
A B C
-0·578 0·96 0·22 -0·523 0·97 -0'23 -0·571 0·96 -0'26
4·493 0·92 -0·32 4·402 0·91 -0·33 4·586 0·93 -0·33
5·708 0·80 -0,50 5-619 0·77 -0·47 5·779 0·65 0·52
6·660 -0·60 -0·41 6·503 0·77 -0,42 6·263 0·79 0·51
6·910 0·69 -0·19 6·836 0·79 0·19 6·612 0·73 -0,22
8·142 0·52 0·57 8·485 0·54 0·60 8·770 -0,58 0·79
8·979 0·35 0·66 9·094 0·42 0·65 8·974 0·55 0·78
D E F
-0·637 0·96 0·24 -0·577 0·96 -0·25 -0·617 0·96 -0·28
4·388 0·88 -0·39 4·275 0·86 -0·39 4·460 0·87 -0·44
5·515 0·72 -0,57 5·404 0·70 -0'54 5·591 0'57 0·59
6·497 0·56 -0·52 6·330 0·68 -0·49 6·009 0·68 0·58
6·878 0·64 -0·21 6·805 0·74 0·20 6·583 0·79 -0·21
7·834 -0·62 0·48 8·130 0·65 0'50 8·301 -0·70 0·69
8·405 0·45 0·58 8·580 0·51 0·55 8·625 0·62 0·73
G H I
-0·724 0·95 0·28 -0·662 0·95 -0·28 -0·719 0·94 -0·33
4·074 0·75 -0·51 3-960 0·75 -0·50 4'217 0·76 -0,59
5·113 0·56 0·64 5·015 -0'58 0·61 5-118 -0·48 0·71
6·154 0·51 0·61 6·014 0'59 0·54 5·698 0·63 0·57
6·822 -0·59 0·24 6·759 0·68 0·20 6·540 0·87 -0·18
7·479 0·79 -0·32 7·725 0·80 0·39 7·941 0·81 -0,56
7·921 0·60 0·48 8·122 0·63 0·48 8·138 0·74 0·60
A, Band C refer to 2-met~oxy~, .3-methoxy- ~d 4-methoxypyridines respectively. D, E and F refer to 2-methylthio-,
3-methylthio- and 4-methylthiopyndines respectively. G, H and I refer 2-(dimethylamino)-, 3-(dimetnylamino)- and
4-( dimethyl amino )pyridines respectively.
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case the largest error for the first band is 9·5%
(4-methoxypyridine) and for the second band it
is 10·0% (2-methylthiopyridine).
The ionization potentials of HD compounds
show better results than the CHaD compounds
when calculated on the basis of point charge approxi-
mation, but their inaccuracy remains large enough.
The error in transition energies calculated on the
basis of charged sphere approximation decreases
too, but this does not change essentially when cal-
culated on the basis of Nishimoto-Mataga (NM)
approximation. The relative accuracy of the results
obtained with IcHaD as well as IHD is in accordance
with our earlier observations.
The uncertainty in the experimental energy
values makes it difficult to appreciate the calculated
energies, but the accuracy seems to be comparable
with that calculated by other authors=", This
seems to justify our supposition that satisfactory
results can be obtained for pyridine derivatives
using parameters tested with corresponding benzene
compounds! .
TABLE 4 - SPECTRALDATA CALCUL.\TEDBY THE
PPP :vIETHODFOR THE V;-I.RIOUSUBSTITUTEDPYRIDI~ES
Compound Calculated Experimental
E (eV) f E (eV) log. f
2-~{ethoxy- 4·653 0·126 4·609 3'53 0·082
pyridine 5·842 0·287 5·848 . 3·7 0·120
3-:\Iethoxy- 4·584 0·114 4·492 3·59 0·094-
pyridine 5·683 0-275 5-713 3-58 0-011
4-Methoxy- 4-844 0-000 5·050 3-0 0-024
pyridine 5-743 0-216 5·687 3-9 0·192
2-~Iethvlthio- 4-545 0-133 4·246 .H2 0·101
pyridine 5-408 0-405 5-019 3·97 0-223
3-!\1ethylthio- 4-497 0-103 4-217 3040 0·060
pyridine 5-283 0-375 4·90a 3·94- 0-20-1
4-Methvlthio- 4-771 O·O()() 4-714 4-10 0·302
pyridine 5-246 0·405 5-793 3-98 0-230
2-(Dimethyl- 4-401 0-136 3-974 3-8 0·151
aminorpvridine 5-466 0·430 4-959 4·2 0·384
3-(Dimethvl- 4-284 0·121 4-246 3·62 0-101
amino) pyridine 5-277 0·406 5-344 4-02 0·252
6-347 0-318 6-595 4-37 0-564
4-(Dimethyl- +649 0-008 4-275 3·30 0-048
amino) pyridine 5·322 0-399 4-805 4-39 0-588
Wavefunctions, calculated by the Nishimoto-
Mataga approximation as well as IcH D values,
are given in Table 3. For the sake of bre~ity, only
the largest CT contribution to the configuration
wavefunction as well as the 'Yp component of pyri-
dine states corresponding to the experimental band
assignment are given. According to the expectation
the second bands of the dimethylaminopyridines
have CT character and the CT contribution to the
first four bands is small with methoxypyridine
and methylthiopyridine. Using the charged sphere
and point charge approximations, the CT contri-
butions are too large especially with methoxy- and
methylthiopyridines,
Wavefunctions calculated on the basis of IHD
values are similar to those obtained by IcH.D using
Nishimoto-Mataga calculation, although the CT
character of the second band of dimethyl-amino-
pyridine is smaller. On the other hand, the CT
contributions calculated by the charged sphere
and point charge approximations seem to be more
real.
For this reason the applicability of the ionization
potential of CHaD compounds seems to be more
appropriate when using the Nishimoto-Mataga
approximation but in the case of point charge and
charged sphere approximations the ionization
potential of HD compounds are more suitable.
This is in accordance with our previous experiences,
PPP Calculation
The PPP method was used in its original formS,s.
The valence state ionization potentials were deter-
mined by Kwiatkowski's Iormulau. The experi-
mental first ionization potentials are in Table 1.
Only the values for methyl compounds, which give
better results, were used. The bond distances are
also giv_eI~in !able 1. The resonance integrals of
the pyridine rmg are: ~cc= -2·39 eV and (3CN=
-2·58 eV. The resonance integrals of carbon-
hetero atoms were varied to obtain their optimum
values. These values agree with those proposed
earlier+ ((3co= -2-5 eV, f3cs= -1·8 eV, (3C:>1=
-2·3 eV)_
The spectral data are presented in Table 4. The
experimental oscillator strengths (f) were calculated
by the equation e = 41700f (e in cm2/mmol units)12.
The ~c~uracy of the cal~ulated transition energies
are similar to that obtained by the MIM method.
The largest error occurs for the first band in the
case of 2-dimethylaminopyridine and for the second
band in the case of 4-dimethylaminopyridine (10'7'X
of the experimental value in each case). 0
TABLE 5 - CHARGEDENSITIES OF HETERO- AND RING-~ITROr.EN ATOMS..\S WELL AS
BO~D ORDERS OF CARBON-HETEROAr oxr BONDS
X 2-X-pyridine 3-X-pyridine 4-X-pyridine
qx Pcx q~ qx Pcx qN qx Pcx qx
0 1-8551 0·3984 1-2785 1-8737 0-3553 1-2093 1-8618 0-3801 1-2476S 1-8918 0-3418 1-2583 1-9080 0-3002 1'2128 1'8950 0-3260 1-2398N 1-8055 0-4563 1-2897 1-8298 0-4083 1-2089 1-8132 0·4369 1-2555
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The calculated charge densities on the ring
nitrogen atom and on the hetero atom (q,,) as well
as the bond orders for the carbon-hetero atom
(pcx) are given in Table 5. The charge density
is the largest on the meta and the smallest on the
ortho hetero atom in each case. This order on the
ring nitrogen is reversed. The order of charge
density on hetero atoms is: S>O>N, and the
bond order of the carbon-hetero atom bonds increases
in this order. The charge density distribution on
the pyridine ring is in accordance with our earlier
results+,
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